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This study was undertaken to determine the physical and kinetic 
difference between the arginyl-transfer ribonucleic acid synthetases 
(tRNA synthetases) of two strains of E. coli. The wild type, NP3, 
is canavanine sensitive, possesses normal arginyl-tRNA synthetase 
activity and arginine biosynthesis is repressible by exogenous ar¬ 
ginine. The mutant, NP301, is canavanine resistant and has reduced 
arginyl-tRNA synthetase activity and exhibits non-repressibility of 
arginine biosynthesis. The results of protein and L-[^^C]-attach- 
ment assays indicated that arginyl-tRNA synthetase was resolved 
from a diethylaminoethyl cellulose column as two activities in both 
wild type and mutant strains, and exhibited differential thermal 
stability properties and pH optima. Further data indicated that the 
acceptance activity of each arginyl-tRNA synthetase activity was 
qualitatively different in all measurements of the rate of attach¬ 
ment of arginine to arginine-tRNA in the mutant, as compared to the 
iii 
same arginyl-tRNA synthetase activity in the wild type strain. 
Furthermore, the results of kinetic studies indicated that primary 
consequence of the mutation from canavanine sensitivity, normal 
arginyl-tRNA synthetase and repressibility, to canavanine resist¬ 
ance, and non-repressibility, was an alteration in the Km for 
arginine for the arginyl-tRNA synthetase. 
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CHAPTER I 
INTRODUCTION 
Aminoacyl-transfer ribonucleic acid (tRNA) synthetases forma¬ 
tion, activity, and regulation are of importance because of the 
critical roles of these enzymes in the growth of the cell and be¬ 
cause they constitute a significant fraction of the total cell pro¬ 
teins. Furthermore, the indispensable role of these enzymes in the 
translation of genetic messages has been well established. Amino- 
acyl-tRNA synthetase, specific for one of the 20 amino acids found 
in proteins, catalyzes a reaction between the carboxyl group of the 
amino acid and the pyrophosphoryl group of ATP. With the elimina¬ 
tion of inorganic pyrophosphate, a mixed anhydride is formed be¬ 
tween the carboxyl group of the amino acid and the 5* phosphate of 
AMP. This aminoacyl adenylate remains firmly attached to the 
enzyme surface and does not dissociate or accumulate as a free 
intermediate. After this reaction the enzyme-aminoacyl-adenylate 
complex reacts with a transfer RNA molecule that is specific for 
the amino acid, resulting in the formation of an ester linkage be¬ 
tween the carboxyl group of the amino acid and the 2' or 3*-hy- 
droxyl of the ribose of the terminal adenosine. The tRNA charged 
with the activated amino acid reacts with a ribosome-mRNA (polysome) 
complex that contains a growing peptidyl-tRNA chain. The incoming 
alpha amino group of the aminoacyl-tRNA displaces the tRNA by a 
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nucleophilic attack on the ester bond, resulting in the formation 
of an additional peptide bond to the peptidyl chain. The repetition 
of these processes results in the growth of the peptide chain from 
the amino terminal to the carboxyl end of the peptide, which results 
in a synthesized protein. 
Many studies have been done to indicate how these enzymes might 
be implicated in the regulation of stable RNA synthesis and in the 
repression of amino acid biosynthetic enzymes. In addition, studies 
have been made of the effect of temperature and pH optima on the 
aminoacyl-tRNA synthetase activities in a number of organisms. From 
such studies, many investigators have been able to obtain results 
which indicated that aminoacyl-tRNA synthetases are, indeed, in¬ 
volved in amino acid repression, RNA and protein synthesis. 
This investigation was designed to determine the difference 
between the arginyl-tRNA synthetase activities of the wild type and 
mutant strains of Escherichia coli. 
CHAPTER II 
REVIEW OF LITERATURE 
During protein synthesis, aminoacyl-tRNA synthetase catalyzes 
highly specific binding of amino acid to tRNA. The function of 
these enzymes was investigated extensively by use of a number of 
aminoacyl-tRNA synthetases from different sources. Bergmann, Berg 
and Dieckmann (1961) have shown that the specificity as regards to 
the amino acid may not be very rigid at the step of aminoacyl 
adenylate formation, but is very rigid for the tRNA molecule to 
which the enzyme attaches the amino acid residue. 
Schlesinger and Magasanik (1964) reported that alpha methyl 
histidine, an inhibitor of the histidyl-tRNA synthetase caused a 
derepression of the histidine biosynthetic pathway. This result 
suggested a role of histidyl-tRNA synthetase in repression of the 
histidine biosynthetic enzymes in Escherichia coli. Nazario (1967) 
worked with argininosuccinase mutants of Neurospora crassa, which 
maintain high levels of ornithine carbamoyl transferase even when 
grown in the presence of excess arginine. It was discovered that 
arginyl-tRNA synthetase was inhibited by the accumulated arginino- 
succinate in the cells and this inhibition led to a marked reduc¬ 
tion in the percentage of charged arginyl-tRNA in the cells. Thus, 
free arginine appeared not to have been acting as the functional 
co-repressor of the arginine biosynthetic pathway in these cells. 
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Roth, Anton and Hartman (1966) have obtained results in studies 
of histidyl-tRNA synthetase (his S) mutants requiring exogenous 
histidine in high concentrations for repression of the histidine 
biosynthetic enzymes to give additional support to Schlesinger and 
Magasanik data. Freundlich (1967) and Williams and Freundlich (1969) 
have reported that the transfer of valine to valine tRNA was re¬ 
quired for repression of the valine-specific biosynthetic enzymes 
in E. coli. 
Williams and Neidhardt (1968) studied the role of arginyl-tRNA 
synthetase in repression of the arginine biosynthetic enzymes in E. 
coli by employing canavanine-resistant mutants with reduced arginyl- 
tRNA synthetase activity, which was qualitatively different from the 
synthetase activity of the wild type. The mutant enzymes exhibited 
turnover in vivo, were less stable in vitro than the wild type at 
both 4 C and 40 C, and they possessed different kinetic constants as 
measured by the three common assay systems for aminoacyl-tRNA syn¬ 
thetase. It was also shown that the mutant possessed unaltered up¬ 
take of arginine, and that the mutant possessed diminished ability 
to incorporate canavanine into protein and attach canavanine to tRNA, 
all of which suggested that the mutation to canavanine resistance 
involved a structural change in arginyl-tRNA synthetase. Further¬ 
more the results of the genetic experiments suggested that the 
mutants differed from the wild type strain at only one locus, and 
that this lies in the region of the chromosome that included a 
structural gene for arginyl-tRNA synthetase. 
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Many investigators have studied the effects of temperature on 
the activity of aminoacyl-tRNA synthetase. Eidlic and Neidhardt 
(1965) have isolated mutants of E. coli with temperature-sensitive 
valyl-tRNA synthetases. When the mutants were shifted from the 
permissive to nearly restrictive temperature, the mutants exhibited 
a derepression of the valine specific biosynthetic enzyme with a 
concomitant termination of growth and protein synthesis. Similar 
results have been obtained in studies of secondary mutants of these 
valyl-tRNA synthetase mutants (Anderson, 1968). 
Hartwell and McLaughlin (1968) worked with mutants of yeast 
which had temperature-sensitive isoleucyl-tRNA synthetases. Their 
results indicated that protein synthesis is rapidly inhibited in 
the yeast mutants after a shift to the nonpermissive temperature. 
Thus, the isoleucyl-tRNA synthetase is an obligatory component of 
the protein synthetic machinery under in vivo conditions in yeast. 
The tenperature-sensitive mutants of yeast have lesions in a 
structural gene for the isoleucyl-tRNA synthetase enzyme. These 
mutations result in a thermolabile isoleucyl-tRNA synthetase enzyme 
which is active in vitro at the permissive tenperature. A haploid 
yeast cell probably contains a single species of isoleucyl-tRNA 
synthetase. 
Jockusch (1966) demonstrated the effects of a mutation on the 
quaternary structure of a protein on tenperature-sensitive mutants 
of tobacco mosaic virus. Non-functional coat protein unable to 
aggregate could be demonstrated in some of the mutants. Schlesinger 
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(1967) found that in E. coli a mutation in the structural gene for 
alkaline phosphatase results in subunits unable to dimerize. Bock 
(1968) used four independent temperature-sensitive phenylalanyl RNA 
synthetase mutants of E. coli which differ from the wild type in 
that the cell-free extracts contain phenylalanyl RNA synthetase 
cross-reacting material exclusively of about half the size of the 
wild type enzyme. It, therefore, seems that dissociation or, at 
least, weakening of subunit interactions, might be the cause of 
the thermolability of the mutant enzymes. 
CHAPTER III 
MATERIALS AND METHODS 
Organisms 
Two strains of the bacterium, Escherichia coli, were used in 
this study. Strains NP3 (repressible), a thiamine requirer, and 
NP301 (non-repressible, canavanine-resistant derivative of NP3), 
were obtained from Dr. L. S. Williams. These organisms were main¬ 
tained on glucose-tryptone-yeast extract agar slants under refrig¬ 
eration. 
Culture Media 
The tryptone glucose yeast extract, an enriched medium, con¬ 
sisting of 1$ tryptone, 0.5$ yeast extract, and 0.4$ glucose, was 
used when large quantities of cells were required for various assays. 
The minimal medium was the basal salts solution P of Fraenkel and 
Neidhardt (1961), which consisted of 1.34$ Na2HP04*7H20, 1.36$ 
KH2PO4, 0.0011$ CaCl2, and 0.0246$ MgS04«7H20 at pH 6.5. This 
solution was supplemented with 0.2$ (NH4)2S04 and 0.2$ glucose as 
nitrogen and carbon sources, respectively. When solid synthetic 
medium was needed, bacto-agar at a final concentration of 2$ was 
added to minimal and enriched media. Thiamine (5pg/ml) was added 
as a supplement to minimal medium. 
Growth of Cultures 
The cultures were grown in Erlenmeyer flasks on a water bath 
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rotary-action shaker (American Optical) at 37 C. The cells were 
pregrown overnight in the same medium to be used in the various 
experiments. The overnight cultures were resuspended in fresh 
medium at the beginning of each experiment and the volume of medium 
used was adjusted for the needs of each experiment. In most ex¬ 
periments 1-2 liters of medium were sterilized by autoclaving and 
the carbon source was added after the medium cooled. 
Measurement of Growth 
The growth of the cultures was measured with a Turner Model 
330 Spectrophotometer by the increase in optical density at 420iqi 
(light path = 1 cm). The growth rate constant, k, was determined 
for exponentially growing cultures using the relationship: 
k = ln2  
Mass doubling time in hours 
Preparation of Crude Cell-Free Extracts 
Cell-free extracts were prepared from bacteria by sonic treat¬ 
ment with a Branson Sonifier (Branson Instruments, Inc.) for 2 min 
at a setting of #3, followed by removal of cell debris by centrifu¬ 
gation at 12,000 rpm for 10 min. After Tris-HCl buffer at a pH 7.3 
was added to the extracts, they were usually held under refrigera¬ 
tion overnight. 
A ten to twenty-fold purification of the synthetase activity 
in crude extracts was accomplished by diethylaminoethyl cellulose 
(DEAE) column chromatography, using 0.1 M and 0.8 M K2HPO4 as the 
"low" and "high" elution buffers, respectively. 
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Determination of Protein and RNA 
Protein of cell-free extracts was determined by the Folin 
method of Lowry, Rosebrough, Farr and Randall (1951). RNA was de¬ 
termined by the Orcinol method of Schneider (1945), following 
extraction from samples heated in 5% trichloroacetic acid for 30 
min at 90 C. 
Enzyme Assay 
Aminoacyl-tRNA synthetase. 
The procedure followed in this assay for the attachment of 
L-[*4C] amino acid to tRNA was similar to that used by Berg (1956) 
and identical to that described by Fangman et al. (1965). The re¬ 
action mixture, at a final pH of 7.3, in a total volume of 0.5 ml, 
contained 50p moles of Tris-HCl buffer, pH 7.3, 5p moles of MgC^» 
5|± moles of KC1, Ip mole of dipotassium ATP, pH 6.8, O.Olp moles 
of L-[14C] amino acid (10pc/mole), 0.5 mg of tRNA (laboratory pre¬ 
paration) and a limiting amount of enzyme. The complete reaction 
mixture was incubated for 15 min at 37 C unless otherwise indicated. 
After incubation 3 ml of cold 5% trichloroacetic acid (TCA) were 
added to the reaction mixture. The tubes containing the reaction 
mixture were placed in an ice bath (-10 C) and allowed to stand for 
at least 30 min. The suspension was then filtered through a membrane 
filter (Schleicher and Schuell, No. B4). The precipitated RNA was 
washed on the filter with 10 ml of 6% TCA-amino acid wash solution, 
followed by 5 ml of 61% ethanol. The washed filters were dried by 
air and counted in a thin end window Nuclear-Chicago gas-flow 
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counter or a Packard tri-carbon liquid scintillation counter. One 
unit of enzyme was defined as that amount which formed lp mole of 
aminoacyl-tRNA/hr. Specific activity was expressed as units of 
enzyme/mg of protein. 
Arginine uptake. 
The cells were grown overnight in minimal medium. At the begin¬ 
ning of the experiment, the cells were sub-cultured in fresh minimal 
medium and grown until an optical density of .33-.35 was reached. 
The cultures were then supplemented with 0.5 ml of L-[*4C] arginine. 
-4 
The arginine was prepared at a concentration of 2 x 10 M. The 
cells were grown in this medium and 20 ml samples were taken at 30 
min intervals for 2 hr. Each 20 ml sample was divided into 18 ml 
and 2 ml portions, the 18 ml portion was filtered directly through 
a membrane filter to give the total radioactivity of the whole cells. 
The 2 ml portion was placed in a tube containing 3 ml of 10& tri¬ 
chloroacetic acid. This portion was held in an ice bath for 30 min. 
The acid precipitated portions of the samples were filtered, and 
used as a measure of radioactivity in the acid insoluble-protein 
fraction. The acid soluble pool was calculated as the difference 
between the radioactivity of whole cells and the acid insoluble 
fraction. 
Synthetase stability. 
The thermal stability of the synthetase activities was studied 
using a defined amount of extract in each experiment. The extracts 
were placed in 5 ml of Tris-HCl buffer, pH 7.3, and preincubated at 
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42 or 46 C. Samples were taken at five minute intervals for 20 min 
and the aminoacyl-tRNA synthetase assay was performed for each sample 
after preincubation. The pH stability of the synthetase activities 
was studied using the same aminoacyl-tRNA synthetase assay, but in¬ 
stead of using Tris-HCl buffer at pH 7.3, each extract was subjected 
to the same buffer at pH's of 6.0, 6.5, 8.6 and 9.0. 
Affinity of Arginyl-tRNA Synthetase for the Three 
Substrates (K^ Determinations) 
The affinity of the synthetase activities of NP3 (wild type) 
and NP301 (mutant) was examined to determine the catalytic sites of 
alteration, resulting in the difference in the synthetase activities 
in the two strains. Each extract was subjected to three different 
assay conditions which differed from the normal aminoacyl-tRNA syn¬ 
thetase assay in the following manner. In the first modification of 
the assay, the concentration of ATP varied from 0-0.2 ml. The 
second assay condition involved an increase in the concentration of 
L-[14C] arginine (0-0.2 ml), and in the third condition, the con¬ 
centration of transfer ribonucleic acid ranged from 0-0.2 ml in 
different assay tubes. All other reactants were used at the stand¬ 
ard concentration for the aminoacyl-tRNA synthetase assay. 
Source of Chemical 
Uniformly labeled arginine was obtained from Schwarz 
Bioresearch, Inc. (Orangeburg, New York). 
CHAPTER IV 
RESULTS 
Chromatographic Elutions of Arginyl-tRNA 
Synthetase Activities 
Correlation of protein concentration of the wild type with that of 
the mutant. 
Two liters each of Escherichia çoli, strain NP3 (wild type) and 
NP301 (mutant), were grown overnight in tryptone glucose yeast ex¬ 
tract media. The cells were harvested by centrifugation and cell- 
free extracts were prepared as previously described. The protein 
concentration of the cell-free extracts was determined by the Folin 
method of Lowry, Rosebrough, Farr and Randall (1951). The results 
(Figs. 1,3) show that the protein concentration was about the same 
for both strains, and the small difference which did exist indicated 
that the protein concentration was higher in the mutant than the 
wild type. 
Isolation of arginyl-tRNA synthetase activities. 
An arginyl-tRNA assay was performed on the cell-free extracts 
of the wild type and mutant cells. The data (Figs. 2,4) show two 
distinct peaks of arginyl-tRNA synthetase activity for each strain. 
The data further indicates that the synthetase activities of the 
mutant are unlike those of the wild type, as resolved from a DEAE 
chromatographic system with a linear phosphate gradient. 
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Fig. 1. Protein concentration and optical density of 
crude extract of NP3 as resolved on a DEAE 
column. Isolation and assay procedures were 
as described earlier. Protein concentration 
(•-*) and optical density 0^-A) were deter¬ 
mined for alternate fractions following 
elution from a DEAE column. 
FRACTION NO. 
Fig. 1 
Fig. 2. Arginyl-tRNA synthetase activity of NP3 as 
resolved on a DEAE column. Arginyl-tRNA 
synthetase activity was determined by the 
r14 . 
L-L CJ-attachment assay under standard 
conditions using alternate fractions from 




































Fig. 3. Protein concentration and optical density of 
crude extract of NP301 as resolved on a DEAE 
column. Isolation and assay procedures were 
as described previously. Protein concentra¬ 
tion (A-A) and optical density (•-•) were 
determined for alternate fractions following 









Fig. 4. Arginyl-tRNA synthetase activity of NP301 
as resolved on a DEAE column. Arginyl- 
tRNA synthetase activity was determined 
by the L-j^Cl-attachment assay under 
standard conditions using alternate 

































The Growth of Wild Type and Mutant Strains in Minimal 
Glucose and Enriched Media 
Effect of media on wild type and mutant growth rate. 
The cells were grown in minimal glucose medium overnight and 
added to a flask containing 100 ml of minimal glucose medium and one 
containing the same amount of tryptone glucose yeast extract medium. 
Samples of each strain were taken at 30 minute intervals for 4 hr 
and the growth of the cultures was measured. The results in Table 1 
and Fig. 5 show that each strain grew with a k of 0.693 in minimal 
medium and a k of 1.20 in tryptone glucose yeast extract medium. 
Therefore, the growth rates of the wild type and mutant cells used 
for isolation did not affect the arginyl-tRNA synthetase activities 
of the wild type and mutant strains. 
Arginyl-tRNA Synthetase Activities Stability 
of the Wild Type and Mutant Strains 
Thermal stability. 
The thermal stability of NP3 and NP301 was studied as described 
earlier. When the arginyl-tRNA synthetase activities of the wild 
type were subjected to preincubation at 42 C, the results (Fig. 6) 
indicated an activation of the first synthetase activity at 10 
minute intervals as exhibited in Peak I. The second synthetase 
activity was activated during the first 5 min of the preincubation 
period and then there was an inactivation of the arginyl-tRNA syn¬ 
thetase activity. When the wild type synthetase activities were 
subjected to preincubation at 46 C, the synthetase activity, 
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Table 1. Growth of NP3 (wild type) and NP301 (mutant) in minimal 
and enriched media. 
Strain Time (min) Media* 
Minimal Tryptone Glucose 
 Yeast Extract 
NP3 0 .08 .09 
30 .095 .09 
60 .095 .19 
90 .15 .30 
120 .20 .55 
150 .32 .74 
180 .45 .85 
210 .62 .98 
240 .90 1.1 
NP301 0 .08 .10 
30 .115 .14 
60 .15 .24 
90 .22 .40 
120 .34 .64 
150 .46 .80 




210 .78 1.0 
240 1.2 1.2 
*Growth was measured as change in optical density. 
Fig. 5. Growth curve and rate of growth of wild type, 
NP3 and NP301, mutant. This figure is a plot 
of optical density as a function of time in 
min from which the first order rate constant 
k was calculated as follows: 
k = ln2  
Mass Doubling Time in Hr 
(0-0) and (•-•) refer to NP3 in minimal and 
enriched medium, respectively. (A-A ) and 












STRAIN MEDIUM K 
NP 3 MIN .693 
NP 3 TGYE 1.20 
NP30I MIN t693 
NP30I TGYE 1.20 
Fig. 5 
Fig. 6. Thermal inactivation of arginyl-tRNA synthetase 
activity of NP3 upon preincubation at 42 C. 
Arginyl-tRNA synthetase was measured for Peak I 




represented by Peak I (Fig. 7), showed an inactivation of activity 
for the first 15 min of preincubation time indicated in this study. 
The second synthetase activity showed almost an essential loss of 
activity which remained constant throughout the preincubation time. 
The data (Fig. 8) indicated that when the mutant arginyl-tRNA syn¬ 
thetase was subjected to the same conditions at 42 C, the first 
synthetase activity was inactivated for the first 15 min of pre¬ 
incubation time and then activated for the time indicated. The 
second synthetase activity was inactivated for the time indicated 
in this study. When the mutant arginyl-tRNA synthetase was sub¬ 
jected to 46 C, the data (Fig. 9) indicate that the first synthe¬ 
tase activity was activated for the first 15 min of preincubation 
time and then there was an inactivation of the synthetase activity; 
whereas, the second synthetase activity was inactivated for the 
first 15 min of preincubation time, after which there was an acti¬ 
vation for the time indicated. 
The pH optima stability. 
The pH stability of the mutant and wild type arginyl-tRNA 
synthetase activities was studied by performing synthetase assays 
employing Tris-HCl buffer at pH's 6.0, 6.5, 8.6 and 9.0. The data 
(Fig. 10) indicate that the first arginyl-tRNA synthetase activity 
of the wild type exhibited a decrease in activity from a pH of 6.0 
to 6.5, an increase in the synthetase activity when the pH was in¬ 
creased from pH 6.5 to 8.6, and there was a decrease in activity 
when the synthetase was subjected to pH 9.0. The second arginyl-tRNA 
Fig. 7. Thermal inactivation of arginyl-tRNA synthetase 
activity of NP3 upon preincubation at 46 C. 
Arginyl-tRNA synthetase was measured as 




Fig. 8. Thermal inactivation of arginyl-tRNA synthetase 
activity of NP301 upon preincubation at 42 C. 
Arginyl-tRNA synthetase was measured as 
described previously, for Peak I (•■#) and 
Peak II (#—•). 
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Fig. 8 
Fig. 9. Thermal inactivation of arginyl-tRNA synthetase 
activity of NP301 upon preincubation at 46 C. 
Arginyl-tRNA synthetase was measured by 




Fig. 10. pH optima of arginyl-tRNA synthetase activity 
of NP3. Arginyl-tRNA synthetase activity was 
determined under standard condition except 
that the pH of synthetase buffer was as in¬ 
dicated in Fig. 10 for Peak I (#—•) and 



























pH OF TRIS-HCL BUFFER 
Fig. 10 
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synthetase activity of the wild type showed a constant increase in 
activity from pH 6.0 to 8.6, and when the synthetase were subjected 
to pH 9.0 there was a decrease in arginyl-tRNA synthetase activity. 
The first arginyl-tRNA synthetase activity of the mutant (Fig. 11), 
as shown by Peak I, was reduced when the pH was increased from 6.0 
to 6.5. There was a leveling off of the activity from pH 6.5 to 
8.6 and an increase in activity when the pH was raised to pH 9.0. 
The arginyl-tRNA synthetase activity, as shown in Peak II, in¬ 
creased from pH 6.0 to 6.5. Then there was a reduction when the pH 
was increased to 8.6, and another decrease in activity when the syn¬ 
thetases were subjected to a pH of 9.0. 
Affinity of Arginyl-tRNA Synthetase Activities 
of the Wild Type and Mutant for the Three 
Substrates (Km Determinations) 
Affinity of arginyl-tRNA synthetase activities for ATP. 
The affinity of the synthetase activities for the substrates of 
the wild type and mutant was determined. The results (Fig. 12) in¬ 
dicate that the wild type arginyl-tRNA synthetase activities were 
qualitatively different and their affinity for ATP was used as the 
standard value. The data (Fig. 13) for the arginyl-tRNA synthetase 
activities of the mutant indicate that the affinity of the synthe¬ 
tase activities for ATP is unaltered. The data further suggest that 
the synthetase activities of the mutant uniquely are different and 
yet unlike those of the wild type strain. 
Fig. 11. pH optima of arginyl-tRNA synthetase activity 
of NP301. Arginyl-tRNA synthetase activity 
was determined under standard conditions 
except that the pH of synthetase buffer was 
as indicated in Fig. 11, for Peak I (•—•) 




Fig. 12. The determination of Km for ATP using 
arginyl-tRNA synthetase of NP3. Arginyl- 
tRNA synthetase activity was determined 
for Peak I (•—•) and Peak II (•—•) as 
described earlier, as a function of in¬ 
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Fig. 12 
Fig. 13. The determination of for ATP using 
arginyl-tRNA synthetase of NP301. 
Arginyl-tRNA synthetase activity was deter¬ 
mined for Peak I (•—#) and Peak II (•—•) 
as described previously, as a function of 





































Affinity of arqinvl-tRNA synthetase activities for transfer ribo¬ 
nucleic acid. 
The wild type synthetase activities, as indicated by the results 
(Fig. 14), are different but have similar affinity for tRNA. The 
affinity of the arginyl-tRNA synthetase activities of the mutant 
(Fig. 15), while different and unlike that of the wild type, was 
shown to be normal or unaltered. 
Affinity of arginyl-tRNA synthetase activities for arginine. 
As shown in Fig. 16, the affinity of the arginyl-tRNA synthetase 
of the mutant is qualitatively different and significantly altered as 
compared to the wild type, which was used as the standard case for 
the affinity for arginine. When the arginyl-tRNA synthetase activi¬ 
ties of the wild type were assayed with increasing concentrations 
of arginine, the data (Fig. 17) indicated that the synthetase acti¬ 
vities had high level affinity for arginine. The data for the second 
synthetase activity of the mutant (Fig. 18) showed an alteration in 
its affinity for arginine, characterized by a ten-fold increase in 
Km value. Results from studies on the synthetase activities affinity 
for arginine suggest that there are two different arginyl-tRNA syn¬ 
thetase activities in the mutant and wild type. Furthermore, Fig. 19 
shows that the Km for the arginyl-tRNA synthetase of the mutant was 
ten-fold greater than that of the wild type. 
Fig. 14. The determination of K for tRNA using 
m 
arginyl-tRNA synthetase of NP3. Arginyl- 
tRNA synthetase activity was determined 
for Peak I (•-• ) and Peak II (•--# ) as 
described previously, as a function of 







TRNA CONCENTRATION (ml/assay tube) 
Fig. 14 
Fig. 15. The determination of for tRNA using 
arginyl-tRNA synthetase of NP301. Arginyl- 
tRNA synthetase activity was determined for 
Peak I (•■—•) and Peak II (•—•) as des¬ 
cribed in MATERIALS AND METHODS, as a 

































TRNA CONCENTRATION(ml/assay tube) 
Fig. 15 
Fig. 16. Determination of for arginine for arginyl- 
tRNA synthetases of NP3 and NP301. Arginyl- 
tRNA synthetase activity was determined for 
the wild type» NP3 (0—0) and the mutant» 
NP301 (•--#) under standard conditions as a 


































ARGININE CONCENTRATIONS I/assay tube) 
Fig. 16 
Fig. 17. The determination of Kffl for arginine using 
arginyl-tRNA synthetase of NP3. Arginyl- 
tRNA synthetase activity was determined 
for Peak I (•—•) and Peak II (#—r#) 
under standard conditions, as a function 
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Fig. 17 
Fig. 18. The determination of for arginine using 
arginyl-tRNA synthetase of NP301. Arginyl- 
tRNA synthetase activity was determined for 
Peak I (#—•) and Peak II (•—#) under 
standard conditions, as a function of in¬ 




































Fig. 19. Lineweaver-Burke Double-Reciprocal Plot of 
the affinity of arginyl-tRNA synthetase of 
NP3 and NP301 for arginine. Velocity of 
reaction is expressed as counts per minute 
(cpm) x 10”5 and substrate concentration 
-5 
as arginine X 10 molar and K is cal- 
m 






Correlation Between the Protein Concentration in Cell- 
free Extracts of the Wild Type and Mutant Strains 
The protein concentration of the cell-free extracts was deter¬ 
mined as previously described. The results in Table 2 show that the 
protein concentration in the first arginyl-tRNA synthetase activity 
of the mutant was about twice that found in the first synthetase 
activity of the wild type. The protein concentration of the second 
arginyl-tRNA synthetase of the wild type was 12 times that of the 
mutant cell-extract. 
Correlation Between the RNA and Protein Synthesis 
of the Wild Type and Mutant Strains 
Ribonucleic acid and protein synthesis were studied in both the 
wild type and mutant strains. The data in Table 3 and Figs. 20 and 
21 indicate that RNA synthesis occurred at a faster rate in the wild 
type than in the mutant; however, the apparent rate of protein syn¬ 
thesis was much accelerated in the mutant as compared to the wild 
type strain. 
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Table 2. Protein concentration in cell-free extracts of NP3 and 
NP301. 





NP3 Peak 1 .09 2520 |ig/ml 
Peak II .06 1875 ng/ml 
NP301 Peak I .16 5000 jig/ml 
Peak II .005 160 uq/ml 
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NP3 30 .265 2439 .0010 
60 .315 2424 .0013 
90 .530 2469 .0021 
120 1.325 2597 .0051 
NP301 30 .425 2758 .0015 
60 .530 2941 .0018 
90 .475 3053 .0016 
120 .800 3100 .0026 
Fig. 20. The uptake of L-[*4C] arginine into the 
TCA-insoluble fraction (Protein). Arginine 
uptake was determined by the rate of incor¬ 
poration of arginine into protein fraction 
for cells of NP3 (#—•) and NP301 (fàr—A ) 





























Fig. 21. Rate of RNA synthesis in NP3, wild type and 
NP301, mutant grown in minimal medium. 
Samples were removed at 30 min intervals 
during growth and the RNA content was de¬ 
termined by the colorimetric procedure for 



















DISCUSSION AND CONCLUSIONS 
Chromatographic Elutions of Arginyl-tRNA Synthetase 
Activities 
Correlation of protein concentration of the wild type with that of 
the mutant. 
The results from protein assays performed on the cell-free ex¬ 
tracts of the wild type and mutant indicate that the protein con¬ 
centrations used for this study were about the same for the two 
strains. The small difference that did exist indicated that the 
protein concentration was higher in the mutant than the wild type. 
It was necessary to determine the protein concentration to show that 
the difference exhibited by the arginyl-tRNA synthetase activities 
of the wild type and mutant was not due to a higher protein con¬ 
centration in the cell-free extract of the wild type. 
Isolation of arginyl-tRNA synthetase activities. 
To isolate the arginyl-tRNA synthetase activities, an amino- 
acyl-tRNA synthetase assay was performed on the cell-free extracts 
of the wild type and mutant. The arginyl-tRNA synthetase activities 
were exhibited in two distinct peaks on DEAE columns in both strains. 
The results indicate that there were two distinct arginyl-tRNA syn¬ 
thetase activities, which differ in both activities in the wild type 
and mutant strains. The data also indicate that the arginyl-tRNA 
42 
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synthetase activities of the mutant are unlike those of the wild 
type, as shown by the reduced activity exhibited in synthetase 
assays performed under controlled and standard kinetic conditions. 
If NP301 were, indeed, an arginyl-tRNA synthetase mutant, its 
activity should be different from that of the wild type, NP3. The 
data support this reasoning and further indicate that the mutant 
arginine biosynthesis is non-repressible because there is a re¬ 
duction in the percentage of charged arginyl-tRNA in the cell. 
The results of this study are in accordance with those of Nazario 
(1967), who reported that for argininosuccinase mutants of 
Neurospora erassa, arginyl-tRNA synthetase was inhibited by the 
accumulated argininosuccinate in the cells and this inhibition led 
to a marked reduction in the percentage of charged arginyl-tRNA in 
the cells. Therefore, free arginine appeared not to have been 
acting as the functional co-repressor of the arginine biosynthetic 
pathway in these cells. Williams and Freundlich (1969) have re¬ 
ported that the transfer of valine to valine tRNA was required for 
repression of the valine-specific biosynthetic enzyme in Escherichia 
coli. 
The Growth of the Wild Type and Mutant Strains 
in Minimal Glucose and Enriched Media 
Effect of media on wild type and mutant growth rate. 
Most of the experiments were performed using cell-free extracts 
obtained from cells of the wild type and mutant which were grown in 
tryptone glucose yeast extract medium. To eliminate the possibility 
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of the coreposition of media contributing to the differences existing 
between the arginyl-tRNA synthetase activities of the wild type and 
the mutant, it was necessary to study the growth rate of both 
strains in enriched and minimal glucose media. The results of this 
study show that the growth rate of the mutant cells was the same 
as the wild type cells whether the cells were grown in minimal glu¬ 
cose or enriched medium. Therefore, the medium's conposition did 
not affect the arginyl-tRNA synthetase activities of the wild type 
and mutant strains used in this study. 
Arginyl-tRNA Synthetase Activities of the 
Wild Type and Mutant Strains 
Thermal stability. 
Since the activity of each arginyl-tRNA synthetase activity, as 
revealed by the synthetase assays, indicate that the synthetase 
activity in both strains is different, the thermal stability of each 
activity should be expected to be different and the results show 
that this was the case. When the extracts of the wild type and 
mutant cells were subjected to a "low" temperature (42 C) and a 
"higher" temperature (46 C) during a defined preincubation time, the 
results show that there was a difference in the activity of each 
arginyl-tRNA synthetase activity. The data imply that the wild 
type arginyl-tRNA synthetase activities were most reactive at a 
"low" temperature (42 C), but lost the activity when subjected to a 
"high" temperature (46 C), which was unlike the results for the 
arginyl-tRNA synthetase activities of the mutant, which displayed 
45 
activities which were just the reverse in reactivity at the differ¬ 
ent tenperatures. 
Previous studies have shown that the stability of aminoacyl- 
tRNA synthetase was affected by temperature. Williams and 
Neidhardt (1968) studied arginyl-tRNA synthetase of a wild type and 
mutant and found that the mutant enzymes exhibited turnover in vivo, 
and were less stable in vitro than the wild type at both 4 C and 
40 C. Eidlic and Neidhardt (1965) isolated mutants of E. coli with 
tenperature-sensitive valyl-tRNA synthetase. When these mutants 
were shifted from the permissive to nearly restrictive growth tem¬ 
perature, the mutants exhibited a derepression of the valine 
specific biosynthetic enzymes with a concomitant termination of 
growth and protein synthesis. Hartwell and McLaughlin (1968), 
Jockusch (1966), and Bock (1968) have reported that many amino- 
acyl-tRNA synthetases are thermolabile. Thus, this study gives 
additional evidence for the aminoacyl-tRNA synthetase sensitivity 
to incubation at elevated temperatures. 
pH optima stability. 
The results from pH optima of the arginyl-tRNA synthetase 
activities of the wild type and mutant give additional evidence 
that the synthetase activities in this study were qualitatively 
different as indicated by the different activity exhibited by each 
synthetase activity, as each was subjected to the same pH value in 
the reaction buffer. The results from the thermal and pH optima 
stability studies seem to indicate that the factors which rendered 
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NP301, the mutant strain (i.e., reduced arginyl-tRNA synthetase 
activity, and non-repressibility of arginine biosynthesis) were 
located in the second arginyl-tRNA synthetase activity of this 
mutant. 
Affinity of Arginyl-tRNA Synthetase Activities 
of the Wild Type and Mutant for the 
Three Substrates (Km determinations) 
Results from studies performed on the affinity of the arginyl- 
tRNA synthetase activities of the wild type and mutant for ATP and 
transfer ribonucleic acid (RNA) indicate that the A1P and tRNA sites 
on the arginyl-tRNA synthetase of the mutant were unaltered. Data 
from studies performed on the affinity of the arginyl-tRNA synthe¬ 
tase activities of the wild type and mutant indicate that the 
arginyl-tRNA synthetase of the mutant possessed a reduced affinity 
(increased Kra) for arginine. The data further indicate that the 
alteration was located at the second arginyl-tRNA synthetase activ¬ 
ity of the mutant. Since the results show a 10-fold reduction in 
the affinity of the arginyl-tRNA synthetase of the mutant for argin¬ 
ine, the data from this study provide evidence that an altered 
arginyl-tRNA synthetase activity results in non-repressibility of 
the arginine biosynthesis. This result, is in agreement with the 
findings of other investigations for other amino acids (Schlesinger 
and Magasanik, 1964; Eidlic and Neidhardt, 1965; Jockusch, 1966; and 
Freundlich, 1967). 
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Correlation Between the Protein Concentration in Cell- 
free Extract of the Wild Type and Mutant Strains 
The data indicating the protein concentration in cell-free ex¬ 
tract of the wild type and mutant strains show that the protein 
concentration in the first arginyl-tRNA synthetase activity of the 
mutant was about twice that found in the first arginyl-tRNA syn¬ 
thetase activity of the wild type. This implies that protein 
synthesis in the mutant occurred at twice the rate as it did in the 
wild type, as a result of the first arginyl-tRNA synthetase activ¬ 
ity. The protein concentration of the second arginyl-tRNA synthe¬ 
tase of the wild type was 12 times higher than that of the mutant, 
indicating that there was an alteration in the second arginyl-tRNA 
synthetase activity of the mutant. 
Correlation Between RNA and Protein Synthesis 
of the Wild Type and Mutant Strains 
Results indicate that RNA synthesis occur at a faster rate in 
the wild type, but protein synthesis occurred at a faster rate in 
the mutant. This inversed rate of formation of these macromole¬ 
cules in the wild type and mutant strains could well explain the 
apparent phenotype similarity in growth rate of the two strains. 
CHAPTER VI 
SUMMARY 
The results of experiments reported in this study can be 
summarized as follows: 
1. Arginyl-tRNA synthetase was resolved from a diethylamino- 
ethyl cellulose column as two activities in both NP3, the 
wild type and NP301, the mutant strains of Escherichia 
coli. 
2. The arginyl-tRNA synthetase activities of the wild type 
and mutant exhibited differential thermal stability 
properties and pH optima. 
3. The acceptance activity of each arginyl-tRNA synthetase 
activity was qualitatively different in all measurements 
of the rate of attachment of arginine to arginine tRNA 
in the mutant, as compared to the same arginyl-tRNA syn¬ 
thetase activity in the wild type strain. 
4. The primary consequence of the mutation from canavanine 
sensitivity, normal arginyl-tRNA synthetase and repressi- 
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